Proposed a positioning method for high dynamic distributed platforms combined two-way microwave ranging with short baseline interferometer angle measurement. Effectively suppressed Doppler interference while ranging based on the frequency and time characteristics of broadband Positive and negative slope of the LFM (linear frequency modulation) signal. Also proposed precise angle measurement method with ambiguity resolution by frequency measurement. Finally, analyzed and experimental verified the validity and accuracy of the positioning method.
Introduction
High-precision positioning technology in satellite launching, guidance, navigation, communications, transportation and other fields has a pivotal position. In some specific areas, the positioning accuracy has become one of the key factors to enhance the performance of distributed work system devices. GPS (Global Positioning System) could achieve high accuracy positioning, but susceptible to specific interference, so the independent relative positioning between high dynamic distributed platforms has become an urgent problem.
Static distributed systems usually use multi-platforms TDOA technology. By measuring the distances between the target and base platforms, we could achieve high precise position combining the position information of base platforms. But high dynamic distributed systems usually consist of small equipments and high dynamic movements, the distance between the receivers, power consumption and so on all have strict requirements, so the TDOA technology will achieve low positioning accuracy. What's more, The Doppler effect also causes great interference to the relative positioning between platforms.
Positioning principle introduction
Collaborative work platforms usually use active distributed collaborative approach to achieve mutual positioning, larger distributed devices typically realize positioning based on TOA(time of arrival) method, we could get at least three spheres by measuring the time from the target station to the reference stations, then get the target position based on the intersection coordinates of the spherical. However, the high dynamic distributed devices' volume is strictly limited, they could only target mutually with a single platform by setting multiple antennas instead of base stations, the TOA positioning method would lead to large error in this situation [2] [3] [4] . With high consistency of each antenna channels, the TDOA (time difference of arrival) positioning method would be a better choice. The main platform achieves positioning by calculating the intersection of multiple hyperboloid based on the time difference between the adjacent antennas.
To minimize the complexity of the equipments and the algorithms, a new positioning method combined the two dimensional angle measurement with ranging is proposed. The main platform arranges three antennas as two short baselines by an 'L' form. By the method of two-way microwave ranging and phase interferometer angle measurement, we can get the vice platform position at the main platform antenna coordinate system. The antenna coordinate system of main platform is constituted by three vertical distributed antennas. As is shown in figure 1. 
Where R is the distance between the main platform antenna0 and the vice platform,  ,  is the angle with axis X and axis Y. .The distance R is obtained by two-way microwave method, the angle  ,  are obtained by the short line interferometer.
Ranging Model Based on Positive and Negative Slope LFM Signal

Principle of Suppressing the Doppler Effect.
The positive and negative slope LFM signal could suppress the influence of Doppler and poor frequency stability, and reduce the pressure of IF sampling and back-end signal processing [5] . The principle of suppressing the Doppler interference works as follows:
When the platforms are in a stationary state, the relationship between time and frequency of the dechirped positive and negative slope of the LFM signal is shown in figure 2 . Dechrip processing between static platforms The IF frequency obtained by mixing the local oscillation signal and the echo signal is f  , due to the positive and negative slope LFM signals are transmitted simultaneously, It will also generate a double modulated slope LFM signal when the positive and negative slope LO signal mixed with opposite slope echo signal, which is referred to as the difference-frequency interference signals. The frequency of the difference-frequency interference signal can be controlled in certain range. Its duration time is short in the filter band after filtering process, and it's energy is negligible compared to the IF signal's, so the difference-frequency interference signal will make no influence on the measurement result.
When the platforms are in high dynamic state, the relationship between time and frequency of the dechirped positive and negative slope of the LFM signal is shown in figure 3 .
Dechrip processing between moving platforms The blue line in Figure 3 is the Doppler RF signal generated by the original RF signal and the Doppler signal. After mixing with the LO signal whose parameter is the same as the original RF signal, the frequency of two IF signals are d ff  and d ff  . By averaging the two frequency or making a direct weight mean estimate with two adjacent peaks in the spectrum, the d f can be counteractive, then we will get f  . The reference frequency difference between different moving platforms effects familiar to the Doppler interference, it could also be suppressed by the dechirp of positive and negative slope LFM signal. Frequency difference is considered as a constant in a short time. The frequency residiuals are negligible after average process. So the dechirp process could not only counteract most of the Doppler Effect and the ref-frequency difference interference but also reduce the pressure on signal process section.
Ranging Model based on Two-way Microwave Technology.
LFM signal combined with the two-way microwave technology could realize accurate ranging between high dynamic platforms. Assuming the distance between primary platform and vice platform is R, the FM slope of the LFM signal is K, then the ranging model is shown in Figure 4 . 4 Timing sequence of time synchronization and ranging As shown in Figure 4 , 1 t is the primary platform moment that the primary platform sends the measured signal, 1 ' t is the vice platform moment that the measured signal arrives the vice platform, platform moment that the measured signal arrives the primary platform. Since the two platforms are not synchronized, the time difference sets t  , then there is a formula. 
' LO t are obtained by system timing, the accuracy can be better than ns level,
inherent system delay bias and could be eliminated by calibration.
Angle Measurement Model based on Short Baseline Interferometer
Traditional Interferometer Angle Measuring Technology.
Phase interferometer angle measurement technique makes use of the presence of a phase difference while echo signal reach different antennas, thereby calculating the target direction angle. Compared with other methods, phase interferometer system has the advantages of high sensitivity, high accuracy, fast speed, and the ability of anti-wave front distortion.
Traditional interferometer system exist two important questions [6] [7] [8] :First, most interferometers work in passive reception mode, although there are certain advantages in electronic warfare, but this mode is at the expense of comprehensive grasp of the target emission waveform feature parameters. Such systems are difficult to design, and the accuracy and response speed is not high. The application scope is usually of strict limitation, especially for a certain specific objectives. The high-precision interferometer systems always work in active or semi-active coherent mode, under the premise of controlling more signal parameters these systems could take the initiative to send measure signal with excessive reliance on the target parameters. The new interferometer method discussed in this article is semi-active intervention system. Second, the interferometer exists the contradiction of the angle resolution and phase difference ambiguity. Double platform interferometer, for example, if the base line is shorter than half the wavelength, the angle could be obtained directly without the ambiguity, but the angle resolution is limited at this time. The resolution could be improved by increasing the length of the base line, but if the base line is longer than half of the carrier wavelength, the phase difference ambiguity should be sloved first to get the angle of the target.
The program solve the phase ambiguity by measuring frequency base on the positive and negative slope broadband LFM Signal. By dechirping LFM signal, the frequency and phase information associated to the TDOA are obtained, and high-precision angle measurement based on short baseline is achieved [9] 
Introduction of Short baseline interferometer system
Baseline length of the interferometer is d, the angel of the vice platform to the primary platform is measured by calculating the path difference to two receiving antennas. As shown in Figure 5 S , which are related to the distance. By mixing and filtering, the angle measurement would be realized after the ambiguity is solved.
Ambiguity Resolution Principle Analysis.
To facilitate the analysis, the real signal is replaced by complex signal. For a single measured target [10-12]: , then we could get 11 (2 ) 
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After dechirp processing, noise bandwidth of the receiver can reduce to 1 T from B , which would improve the SNR effectively. In order to eliminate the impact of leading-edge jitter, we could mix 1 b S and 2 b S then filter the high frequency component. The low frequency pulse continuous signal d S related to the direction angle  would be obtained. The analytic form shown below.
(2 ) 21
(15) The relationship between frequency, phase and direction angle is as follows
(17) Thus, the angle measurement could be realized by measuring d f or d  , but there are big differences between the two methods, generally speaking, measuring the angle with d  would lead to higher accuracy.
From the above equations, the frequency variation corresponding to phase variation is as follows.
Where R is the distance from vice platform to primary platform, d is the base line length. According the Cramer-Rao inequality of unbiased vector estimation, the low estimate limit of frequency and phase are as follows.
Where  is the sample time, r is SNR and N is data points. According to the formulas above, the frequency variance corresponds to   be. 
Experimental evaluation.
The baseline length of primary platform is 0.05m, the distance between two platforms is 100m, the signal received by antennas of primary platform could be considered as parallel wave at this time. The frequency band of positive and negative slope LFM signals is Ka and the sweep slope and sweep bandwidth are set at reasonable range. Then comparing the measurement result and actually result of the movement locus of the vice platform. Through the analysis of each set of measuring result, the GDOP of positioning accuracy is 0.36m, which implies that the method can realize a high precision position of the distributed platforms.
Summary
This paper proposed a method for positioning combined two-dimensional angle measurement with ranging between high dynamic distributed platforms. Proposed a two-way microwave ranging method based on wideband positive and negative slope LFM signal which could suppress the Doppler interference effectively. Also proposed an angle measurement method with the phase ambiguity resolution by frequency estimation according to the characteristics of LFM signal. By analyzing the model and derivation, the feasibility of each methods are verified. The accuracy of ranging and positioning is verified by theoretical analysis and experiments.
